The genus Citeromyces was described by Santa María (1957) for reclassification of Hansenula matritensis (Santa María, 1956) , which differed from the typically hat-spored (galeate) species of the genus Hansenula by formation of roughened, spherical ascospores. Citeromyces matritensis was initially isolated by Santa María (1956) from fermenting fruit in syrup. Since then, Citeromyces matritensis has been recognized as a cause of spoilage of sweetened condensed milk in Spain, The Netherlands and the USA, and has also been isolated from tree fluxes, industrial processes and natural coffee fermentations (Schwan & Wheals, 2003; Kurtzman, 2011) . Yeast strains that had been isolated from fluxes on sandalwood (Myoporum sandwicense) growing in Hawaii and phenotypically identified as Citeromyces matritensis were received in 1978 from H. J. Phaff and W. T. Starmer for deposit in the ARS Culture Collection (NRRL) as additional strains of the species from a novel habitat. More recently, Citeromyces siamensis was described by Nagatsuka et al. (2002) , and this species had been isolated in Thailand from dry salted squid and fermented soybeans. Because there are few phenotypic differences between Citeromyces matritensis and Citeromyces siamensis, the discovery of this novel species raised the possibility that the isolates from Hawaii might not belong to Citeromyces matritensis. In the present study, it is shown from multigene sequence analysis that the isolates from Hawaii represent a third species of the genus Citeromyces, which is herein described.
Strains of the three species of the genus Citeromyces examined and their sources of isolation are given in Table  1 . Strain characterization by microscopic examination and determination of physiological reactions was by standard methods with growth tests conducted in liquid media at 25 u C .
Methods for DNA isolation and sequencing of genes for domains 1 and 2 of the nuclear large subunit rRNA gene (D1/ D2 LSU rRNA), mitochondrial small-subunit rRNA gene (MtSm SSU rRNA), translation elongation factor-1a (EF-1a) and the internal transcribed spacer, which includes ITS1-5.8S-ITS2 (ITS), were reported earlier (Kurtzman & Robnett, 1998 , 2010 . Briefly, following DNA isolation, each of the regions to be sequenced was amplified by PCR and the resulting amplicons were sequenced using the ABI BigDye Terminator Cycle Sequencing kit (Applied Biosystems) and an ABI 3730 automated DNA sequencer according to the manufacturer's instructions. For phylogenetic analysis, sequences were visually aligned and regions of uncertain alignment were removed for some analyses. Phylogenetic relatedness among species was determined from the maximum-parsimony and neighbour-joining programs of PAUP* 4.063a (Swofford, 1998) . Bootstrap support for the phylogenetic trees was determined from 1000 replicates.
Delineation of the novel species and phylogenetic placement
On the basis of D1/D2 LSU rRNA gene sequence analysis, strains of the genus Citeromyces were resolved into three distinct groups, Citeromyces matritensis, Citeromyces siamensis Abbreviations: D1/D2 LSU rRNA, domains 1 and 2 of the nuclear large subunit rRNA gene; EF-1a, translation elongation factor-1a; ITS, internal transcribed spacer, which includes ITS1-5.8S-ITS2; MtSm SSU rRNA, mitochondrial small-subunit rRNA gene.
The GenBank/EMBL/DDBJ accession numbers for the D1/D2, ITS, MtSm SSU rRNA and EF-1a sequences of strain NRRL Y-11581 T are JN008076, JN016711, JN008077 and JN008078, respectively. The ITS sequences of Citeromyces matritensis strains NRRL Y-2407 and a novel species consisting of the above noted strains from Hawaii. All strains of each group had identical D1/D2 LSU rRNA sequences. Comparison of gene sequences for MtSm SSU rRNA, EF-1a and ITS for type strains of the three species further demonstrated their separation (Table 2 ). In addition to the type strains, MtSm SSU rRNA, EF-1a and ITS sequences were determined for three additional strains of C. matritensis and one additional strain each for Citeromyces siamensis and the novel species, as indicated in Table 1 . Conspecific strains had no nucleotide differences for MtSm SSU rRNA and EF-1a sequences. For ITS sequences, the two strains of the proposed novel species had no differences, the two strains of Citeromyces siamensis differed by one indel, but the four Citeromyces matritensis strains showed as many as four differences (3 substitutions, 1 indel). However, what was remarkable about the ITS sequences was the unexpectedly large number of substitutions and indels seen between species. Ordinarily, the extent of substitutions for D1/D2 LSU rRNA and ITS sequences is similar (e.g. Kurtzman & Robnett, 2003) . For the species of the genus Citeromyces, the ITS sequence had a 7-12-fold increase in substitutions/indels over the D1/D2 LSU rRNA sequence ( Table 2 ). The reason for this difference is unknown but it is unprecedented.
Phylogenetic relatedness among the three species of the genus Citeromyces and neighbouring taxa was determined from analysis of concatenated D1/D2 LSU rRNA, MtSm SSU rRNA and EF-1a sequences. Maximum-parsimony analysis and neighbour-joining analysis with the Kimura two-parameter correction gave identical trees. Sequence analysis resolved the relationships among the three species of the genus Citeromyces and placed this genus in a large, wellsupported clade that also includes the genera Kuraishia, Nakazawaea, Pachysolen, Peterozyma and certain species of the genus Candida (Fig. 1) , as shown earlier in the more species-inclusive study of Kurtzman & Robnett (2010) . In view of the genetic separation shown by the Hawaiian isolates from the two previously described species of the genus Citeromyces, the following novel species is proposed.
Latin diagnosis of Citeromyces hawaiiensis
Kurtzman sp. nov.
In agaro YM post dies 3 ad 25 u C, cultura est butyrosa et glabra. Cellulae sunt globosae vel subglobosae, 3-8 mm, singulae, binae et racemae. In agaro morphologico post dies 7 ad 25 u C, nec pseudohyphae nec hyphae formantur. Asci inconjugati et non deliquescentes, 1 ascospora globosae, non liberas. Glucosum, sucrosum, maltosum (infirme, variabile), raffinosum (infirme, variabile) et trehalosum (infirme, variabile) fermentantur. Non fermentantur galactosum et lactosum. Assimilantur glucosum, inulinum (variabile), sucrosum, raffinosum, trehalosum Citeromyces hawaiiensis (ha.wai.i.en9sis N.L. masc. adj. hawaiiensis of or belonging to Hawaii, referring to the geographical origin of the new species).
After 3 days at 25 u C on YM agar, cells divide by multilateral budding and are spherical, 3-8 mm, to infrequently short ellipsoidal, and are single, in pairs, or in small clusters (Fig.  2) . The septa separating buds from the parent cell may be somewhat wide (Fig. 2) . Colony growth is white, butyrous and with a smooth semi-glistening surface. After 7 days at 25 u C on yeast morphology agar, growth under the coverglass of a Dalmau plate culture has neither hyphae nor pseudohyphae. Aerobic growth is cream-coloured, butyrous, slightly glistening with a sparingly depressed centre and a smooth to finely lobulate margin. Ascosporulation is abundant on YM agar after 2-3 weeks at 17 u C, but ascospore formation is absent at 25 u C. Ascospores are spherical and finely roughened (Fig. 2) . Asci contain a single ascospore, are persistent and usually unconjugated, but infrequent conjugation between cells is observed prior to ascospore formation. It is unknown whether the species is homothallic or heterothallic.
Glucose, sucrose, maltose (weak or absent), raffinose (weak or absent) and trehalose (weak or absent) are fermented; Table 2 . Extent of nucleotide differences between type strains of Citeromyces hawaiiensis sp. nov., Citeromyces matritensis and Citeromyces siamensis for gene sequences of D1/D2 LSU rRNA, ITS, MtSm SSU rRNA and EF-1a
Number of nucleotides per aligned sequence is given in parentheses following the gene designation. Differences between the strains compared include substitutions (s) and indels (i), which are given in parentheses following the total number of differences. Species of the genus Citeromyces appear indistinguishable when viewed under a light microscope. Separation of species of the genus Citeromyces from reactions on standard growth tests appears possible, but there are few defining characteristics (Table 3) , and it is recommended that strains be identified from gene sequences, such as D1/D2 LSU rRNA.
Strain
Citeromyces hawaiiensis is presently known only from Hawaii, USA, and has been isolated from fluxes of the sandalwood and from adjacent soil. Presumably the fluxes dripped onto the soil accounting for the presence of the yeast. In contrast, Citeromyces matritensis has been isolated from sugared fruit and sweetened condensed milk in Spain, the UK and the USA and is considered a spoilage species for high sugar products. Additionally, Citeromyces matritensis has been isolated from tree fluxes in Davis, CA, USA and Peoria, IL, USA, and from corn (maize) steep processing water in an industrial plant in Pekin, IL, USA. Initially, it appeared that Citeromyces siamensis occurred only in Thailand, but a strain of the species (NRRL Y-11788) was isolated from spoiled sweetened condensed milk in Ohio, USA. Further details concerning this strain are unknown, including whether or not the product was manufactured in the USA or perhaps the sugar used was from Asia. The present study illustrates once again that phenotypically similar strains may be shown from gene sequence analysis to be separate species. 
